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XXIII. " On the Sun-spot Period and the Rainfalls 

By J. A. Broun, F.R.S. 

Haying read with much interest Mr. Meldrum's communication to the 
Boyal Society on the apparent simultaneity of excess of rainfall and sun- 
spot area*, I have waited some confirmation of his conclusions from a 
more extensive induction. Mr. Hennessey's " Note" in the Proceedings 
of the Society for April 1874 f induces me to offer the following views 
and results to the E/oyal Society. 

It is well known that the amount of rainfall is a very variable quan- 
tity in some countries and in certain positions, and that when there is 
a year of drought in one part of the world, there is frequently an excess 
of rain in another. Any investigation, then, which should be occupied 
with the average fall of rain over the earth's surface must be long and 
laborious, unless the variation to be dealt with is large and marked com-* 
pared with others which must be considered purely accidental relatively 
to the sun's spots. In proof of this I may cite the rainfall at Mussoorie 
given by Mr. Hennessey J, where, as far as the sun-spot area is known, 
any result favourable to the connexion of the two phenomena depends 
wholly on the rainfall for 1861, which is upwards of 50 inches in excess 
of the mean. If this excess be not due. to the great spot-area, then a 
long series of years' observations might be requisite to make the positive 
and negative errors destroy each other. 

It has been with the intention of determining what may be the effect 
of a given change of sun-spot area, within a limited district, during a 
period favourable to the connexion of the two phenomena, that the fol- 
lowing discussions have been made. We can then say approximately 
within what limits the excess and deficiency of rainfall lie for the years 
of greatest and least spot-area, what amount of observations may be re- 
quired to destroy accidental variations, and whether the result may en- 
courage more extensive research. 

Mr. Meldruin finds a mean difference of 8*5 inches of rain between the 
falls for the years of greatest and least spot-area § ; but this result is 
derived to some extent from short series of observations made in different 
parts of the world, and gives no weight to the rainfall in other years than 
those considered years of maximum or minimum sun-spots. 

Should there be any connexion betwixt the rainfall and spot-area, we 
may always in the first instance represent it approximately by an equa- 
tion of this form, 

AB=/AA, 

where AB is the excess or deficiency of the rainfall from the mean, A A 

* Proceedings of the Eoyal Society, vol. xxi. p. 297. 
f Ibid. vol. xxii. p. 28G. 
J Ibid. vol. xxii. p. 2S7. 
§ Ibid, vol xxi. p 305. 
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is the excess or defect of spot-area for the same period of time, and / is 
a constant to be deduced from the observations. 

Having obtained the mean spot-area for each year from 1832 to 1867, 
from Table VII. of the paper on this subject by Messrs. De La Rue, 
Stewart, and Loewy*, the mean for three periods of 11 years (1832 to 
1864) was found equal to 643 millionths of the sun's visible surface ; with 
this quantity the values of + AA (in millionths of the sun's surface) for 
each year were obtained. 

Mr. Meldrum's conclusion depends chiefly on observations during these 
periods in Great Britain ; and as he has deduced the rainfall for the first 
period of minimum spots from observations at three stations, Greenwich, 
Oarbeth (near Glasgow), and Aberdeen, I first examined the observations 
at these places together with simultaneous observations at Makerstoun 
for the two periods 1832 to 1853f . Applying the above equation to 
these observations, the following results were obtained :— 

Greenwich AE= -0-00092 AA ; 

Makerstoun AR= -0-00020 AA ; 

Oarbeth AE= +0-00158 AA ; 

Aberdeen AK= +0-00128 AA. 

Greenwich and Makerstoun are thus opposed to the conclusion, and 
Oarbeth and Aberdeen are more strongly in its favour. It should be 
remarked, however, that the result for Aberdeen depends wholly on the 
rainfall given for that place in 1834 (12*3 in.) being exact. As it is 
12 inches less than the mean, while at the other three stations the defi- 
ciency is only from 0*6 in. at Greenwich and Makerstoun to 1*2 in. at 
Oarbeth, this may be due to a leaky rain-gauge or to a clerical error of 
10 inches. In any case no great weight can be given to the conclusion 
from these four stations J. 

I now sought for an approximation to the mean fall of rain for Great 
Britain, and for this end have employed the quantities deduced by Mr. 
Symons from ten stations (British Association Report, 1865, p. 203 ; 
1871, p. 102). The differences of spot-area from the mean, in millionths 
of the sun's surface, and of the rainfall for each year are given in the 
following Table : — 

* Phil. Trans. 1870, p. 399. 

t The means for Makerstoun during the years 1832 to 1849 will be found in Trans. 
Roy. Soc. Edinb. vol. xix. pt. ii. p. 108 ; the falls for the other years are — 1850, 
21-49 in. ; 1851, 25*57 in. ; 1852, 32-20 in. ; 1853, 23-54 in. 

J It may here be noted that the sum of the plus and minus differences of R. and the 
mean rainfall for the four stations during the twenty-two years were — 

Greenwich. Makerstoun. Oarbeth. Aberdeen. 

Mean fall 244 in. 26-2 in. 43-6 in. 24-2 in. 

Sums of AR 100-1 in. 67-8 in. 92-4 in. 94*3 in. 

It will be seen that the sums of differences haye no relation to the mean fall of rain. 
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Differences of Eainfall for Great Britain and of Sun-spot area for 

1832 to 1867. 
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1832. 


-359 


-1-54 


1843. 


-540 


+2*66* 


1854. 


-501 


-5-36 


-467 


-1-41 


1833. 


-558 


+ 1-97* 


1844. 


-465 


-4-02 


1855. 


-566 


-4-47 


-540 


-2-17 


1834. 


-506 


-3-22 


1845. 


-232 


+0-13* 


1856. 


-619 


-1-85 


-452 


-1-64 


1835. 


+ 171 


+0-82 


1846. 


- 5 


+ 1 '83* 


1857. 


-428 


-2-04 


- 87 


+0-20 


1836. 


+746 


+•0' it) 


1847. 


+469 


- 1 -94* 


1858. 


+ 177 


-4-95* 


+444 


-0-38 


1837. 


+556 


-3-20* 


1848. 


+395 


+8-24 


1859. 


+756 


+0-79 


+569 


+ 1*94 


1838. 


+293 


-0-63* 


1849. 


+203 


+0-77 


1860. 


+656 


+5-60 


+oo4 


+ 1-91 


1839. 


+ 164 


"rO'Oo 


1850. 


-123 


-1-39 


1861. 


+659 


-0-76* 


+267 


+0*46 


1840. 


- 46 


-3-07 


1851. 


+ 40 


-1-04* 


1862. 


+530 


+2-63 


+ 174 


-049 


1841. 


-306 


+5-77* 


1852. 


-. 92 


+7-79* 


1863. 


- 15 


-0-81 


-138 


+4-26 


1842. 


-429 


-2-21 


1853. 


JmiOO 


-0-36 


1864. 
1865. 
1866. 


+245 
-187 
-342 


-5-63* 
+ 1-90* 

+3-26* 


-146 
-409 

-458 


-2-73 
-0-27 
-1-74 
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1867. 


-468 


+0-70* 


-440 


-0-34 



If we seek the value of / for the mean of the three periods of eleven 
years commencing 1832 and 1835, we find the following equations : — ■ 

1832 to 1864 AR= + 0-0019 AA ; 

1835 to 1867 ........ AR= + 0-0011 AA. 

These results, then, are, as we expected, in conformity with Mr. Mel- 
drum's conclusion ; so that if we compare the year of largest with that of 
smallest spot-area, the difference of rainfall should amount to 2*61 in. by 
the first and to 1-51 in. by the second value of f. If we take the mean 
spot-area for the years 1834, 1844, 1856, and 1866, and for 1836, 1848, 
and 1861, we find that the mean difference of rainfall for these years 
should be 2-06 in. by the first and 1-20 in.' by the second value of /, in- 
stead of 8'45 in. as found by Mr. Meldrum. 

It will be seen also that the greatest mean difference of rainfall is that 
for the years 1841, 1852, and 1863, and this was an excess of rain for 
years of spot-area deficiency ; were another such opposite difference to 
present itself, it would neutralize the conclusion derived from these 
means. It should also be observed that while the first and third periods 
of eleven years are in favour of the connexion, the second (1843 to 1853) 
is opposed to it (this is also the case for the eleven years 1857 to 1867). 

It will be seen, then, that from this discussion a probable difference of 
about 2 inches of rain may be expected betwixt years of greatest and 
least spot-area. 

This result is derived from observations at ten stations, distributed 
over a very small patch of the earth's surface • and it is evident that for 
any serious investigation a much larger series of observations represent- 
ing the rainfall over a great extent of country would be essential. 

* Indicates opposite signs of AA and AR. 
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I now examined observations made at different stations in India ; but 
this examination showed the extreme difficulty of obtaining a satisfactory- 
result, either way, from a few stations in that country, when, in certain 
years, the accidental excess of rainfall at some of the stations may be 
40 inches, even though deficiencies at some stations may diminish the 
amount of the error. 

Erom my own experience of rainfall on the Indian ghats, I should 
doubt that a mountain-station, such as Mussoorie, is well fitted to be 
employed in this discussion. If a single station could be taken to repre- 
sent any tract of country, it ought to be one least liable to local causes of 
variation. Among the mountains a slight change in the average direc- 
tion of the wind will cause great differences in the rainfall at stations 
but little distant from each other, and to eliminate accidental variations 
of 40 or 80 inches would require observations during a very long series 
of years. 

The following Table will, however, show the quantities which may have 
to be dealt with at an Indian hill-station t : — • 



Values of AR for Mahabuleshwar, 4500 feet above the sea, with the 

corresponding values of AA. 



Year. 


AA. 


AR. 


Year, 


AA. 


AE. 


1832. 


-359 


in. 
-26-1 


1843. 


-540 


in. 

+ 32-7* 


1833. 


-558 


-49-3 


1844. 


-465 


+ 9*3* 


1834. 


—506 


+ 44-3* 


1845. 


-232 


- 3-1 


1835. 


+ 171 


-26-3* 


1846. 


- 5 


+ 35-3* 


1836. 


+ 746 


- 9-4* 


1847. 


+ 469 


-34*2* 


1837. 


+ 556 


+ 14-8 


1848. 


+ 395 


— 8-0*. 


1838. 


+ 293 


-72-8* 


1849. 


+ 203 


+ 85-4 


1839. 


+ 164 


-19-8* 








1840. 


- 46 


+ 31-4* 








1841. 


-306 


+ 28-0* 








1842. 


-429 


+ 51-9* 









From this Table we derive the equation 

AE=-0-02in. AA, 
or that 26 inches more rain falls for the year of least than for that of 
greatest spot-area. The examination of many series of observations has 
shown how difficult it will be to arrive at a conclusion for a quantity so 
small as 2 inches of rain. 

It is evident that a larger tract of country than Great Britain should 
be chosen, and the approximate rainfall be deduced from the greatest 

f For the rainfall at Mahabuleshwar, see Colonel Sykes's paper on Indian observa- 
tions, Phil. Trans. 1850, p. 367. The mean fall is 253*0 inches. 
Indicates opposite signs of AA and Alt. 



1874.] Presents. 473 

possible number of stations. Grerniany and Prance may give sufficient 
data for such a trial. "Were the result well marked, there would be 
reason to seek for its confirmation in other countries ; but to undertake 
this labour, better grounds, I think, must be found than I have hitherto 
been able to obtain. The admirable series of observations which Mr. 
Symons is obtaining will suffice for the future, as for the past, ten years 
to give a very near approximation to the excess or deficiency of rainfall 
in Great Britain. 



XXIV. " On the Mechanism of Stromboli." By Robert Mallet, 

M.A., F.R.S. Beceived May 17, 1874* 



The Society then adjourned over the Long Vacation, to Thursday. 
November 19. 



Presents received May 21, 1874. 
Transactions. 

Berlin : — Physikalische Gresellschaft. Die Fortschritte der Physik im 

Jahre 1869, redigirt von Dr. B. Schwalbe. Jahrgang 25. 8vo. 

Berlin 1873. The Society. 

Birmingham : — Institution of Mechanical Engineers. Proceedings, 

October 30, 1873. 8vo. The Institution. 

London : — Pharmaceutical Society. Pharmaceutical Journal and 

Transactions. February to May 1874. 8vo. Calendar. 8vo. 1874. 

Catalogue of the Library. 8vo. 1874. The Society. 

Boyal United Service Institution. Journal. Vol. XVIL No. 74, 

75, and Appendix. 8vo. 1873-74. Lectures addressed to Officers 

of Volunteer Corps. 8vo. 1873. The Institution. 

Manchester : — Geological Society. Transactions. Vol. XIII. Part 3. 

8vo. 1874. , The Society. 

Montreal : — Natural History Society. The Canadian Naturalist and 

Quarterly Journal of Science. Vol. VII. No. 2-4. 8vo. 1873-74. 

The Society. 
Toronto : — Canadian Institute. Canadian Journal. Vol. XIV. No. 1, 2. 

8vo. 1873-74. The Institute. 



Beports &c. 

Basel : — Zoologischer Garten. Erster Greschaftsbericht des Ver- 
waltungsrathes. 4to. 1874. Herr A. Miiller. 

* This Paper will appear in No. 155. 

2x2 



